Introduction
CERN is the European Organization for Nuclear Research. Its complex accelerators and detectors require innovative technologies in many areas, among others in the cryogenics engineering. The CERN policy adopted in the last years fosters the transfer of technologies from CERN to external institutions and support collaboration agreements. In 2010 CIEMAT, a National Institute involved in Energy and Technology Research and Development, together with a consortium of several institutes and companies, has launched a research program with the objective to design and build a highly compact SC cyclotron for H-acceleration for the production of single doses of radioisotope tracers for clinical use in Positron Emission Tomography (PET) imaging techniques [1] . This project is called AMIT (Advanced Molecular Imaging Technologies). For the research phase CIEMAT has asked CERN for consultancy, technology transfer and support in certain fields of technologies with cryogenics being the main contribution. The collaboration agreement established between the two laboratories is the basis for a cooperation in the fields of development of the SC cyclotron magnet and related cryogenics. CERN has taken up the responsibility for the R&D of a compact autonomous cryogenic system able to provide remote cooling of the magnet for the installation at CIEMAT premises for testing and operation of the cyclotron with a particle beam [2] . This R&D phase precedes a future development of a prototype which is beyond the scope of the agreement with CERN. The innovation lies mainly in its final application which is the possibility of installation of the accelerator equipment at the customer site, this for direct use of the produced radioisotopes in form of single patient doses. In this respect also short-lived isotopes, like 11 C being of high clinical interest as radiotracers for PET, can be produced despite small half times of 20 minutes only.
In this paper we first give a brief description of the cyclotron magnet cryostat with its thermal budget and the internal cooling principle. Then the overall lay-out of the cryogenic system with a flow scheme is detailed. The design of the laboratory Cryogenic Supply System (CSS) as stand-alone equipment is explained in which we introduced a mock-up to allow the simulation of the cooling flow and thermal budget of the magnet cryostat. This mock-up "validator" permits the close to real operation and testing of the CSS. The results of our experiments are given with cooling powers reached.
The superconducting magnet cryostat cooling requirements
The cyclotron magnet comprises of two small scale SC coils in Helmholtz arrangement housed in a compact cryostat which is surrounded by a warm iron yoke providing a 4 T magnetic field. An aperture in the cryostat between the coils allows the insertion of a room temperature RF accelerator vacuum chamber. Both coils are cooled at 4.5 K with two-phase forced flow helium through helical channels along the inner wall of the coil casing. The vapour quality of the exiting flow is such that an isothermal cooling can be maintained throughout the magnet system. Further non-isothermal cooling of the cryostat thermal shield and the one of the interconnection box as well as the HTc current leads is done with a helium gas flow at 40 K. HTc current leads have been chosen to reduce conduction and ohmic losses. To minimize the thermal load to the SC magnet at 4.5 K we also intercept the heat conduction of the magnet suspension rods in the cryostat at thermal shield temperatures. 
Final Set-up of magnet and cooling system
In the final configuration a specially designed 3.5 m long low-loss transfer line will link the interconnection box of the magnet cryostat to the CSS which provides the cooling capacity for both the 4.5 K and the non-isothermal load. The thermal budgets of the magnet cryostat, interconnection box and transfer line have been estimated based on design criteria applied ( Table 1) .
A simplified picture (Figure 2) shows the final arrangement of the main components; the cyclotron comprising the cryostat, SC magnet, iron yoke and the accelerator with RF resonator, the transfer line and the CSS. The CSS consists of a vacuum vessel which contains the commercial cryocooler and a number of heat exchangers with instrumentation and an external circulator system. A detailed description is given in the next chapter. This set-up is expected to be assembled and commissioned at the CIEMAT premises in the second half of 2016. A radiation wall will separate the CSS from the 2 ICECICMC IOP Publishing IOP Conf. Series: Materials Science and Engineering 171 (2017) 012038 doi:10.1088/1757-899X/171/1/012038 cyclotron accelerator, while both are linked via the transfer line. This has been a prerequisite to be able to access the cryogenic part for operation and maintenance reasons and to reduce equipment and personnel exposure to potentially harmful ionisation radiation. 
Working principle of the complete system with the CSS cooling unit
A compact helium refrigerator system, based on a GM-cryocooler, was developed to remotely supply helium at two temperatures to the cyclotron client system. An intermediate temperature gaseous helium supply (GHe) at around 40 K, for the cooling of the cyclotron thermal shield and the cooling of the HTc current leads as well as a liquid helium supply (LHe), for the cooling of the superconducting magnets of the cyclotron and the LTc part of the current leads (Figure 3) . The refrigerator system can be divided in two parts, a warm part at ambient temperature for the recirculation of the helium, and a vacuum vessel containing the cold head of the GM-cryocooler and the heat exchangers to realize the thermodynamic process of the system. Interconnection to the client system in a closed helium circuit is done with the tailor-made, rigid low-loss transfer line [6] .
The warm part comprises a diaphragm pump as main component, which generates a forced helium flow in the circuit. The compression heat is removed from the helium by a water chiller. Via a mass flow controller the helium mass flow can be set. A buffer tank is used to reduce pressure variations due to changing temperatures in the system.
A There are heat exchangers, E-HX1.x and E-HX2, attached to the two stages to extract the cooling power of the cryocooler which is transmitted to the circulating helium flow. The helium flows are circulated to and from the client system in the specially designed four-pipe low-loss transfer line. The GHe, after being cooled at the extraction heat exchanger (E-HX1.1), is used to cool the HTc current leads (CL-HX1) and the thermal shield of the cyclotron (CT-HX1). Subsequently, after re-entering the refrigerator system via the transfer line, the helium is cooled down again to the previous GHe temperature (E-HX1.2).
The helium is condensed at the extraction heat exchanger (E-HX2) mounted on the 2 nd stage of the cryocooler coldhead. It is then guided to the two SC coils of the cyclotron and the LT part of the current leads (CL-HX2) for evaporative cooling. The helium is then brought back through the transfer line to the refrigerator system. To recuperate the remaining cooling power from the returning helium before leaving the vacuum vessel to the pump circuit at ambient temperature, counter flow heat exchangers are integrated into the system (HX1, HX2 and HX3). They serve to precool the helium flow on the go side before being cooled further at the cold head stages. 
Experimental set-up for the validation of the CSS cooling unit
To validate the working principle of the CSS and for its characterization, the CSS is currently being tested at CERN. All cold system components, comprising the cryocooler cold head and all heat exchangers, are suspended from the top flange of the vacuum vessel (Figure 4) .
The flow diagram is depicted in Figure 5 . The validation unit consists of three heat exchangers, one at the 40 K level and two to simulate the lower and upper 4.5 K two-phase flow channels of the magnet. For the latter the geometry and hydraulic conditions correspond to the channels of the coils. Three heaters are placed which allow to simulate the respective thermal budget. The tubes foreseen to provide GHe and LHe to the client system via the transfer line, are connected to this so called validators. Hence, the two LHe validators and the GHe validator fully reflect the fluid dynamic design and therefore heat transfer conditions of the cyclotron flow channels.
Temperature sensors are attached to all thermodynamically important locations of the system. The types of sensors were chosen according to the operating temperatures of the CSS at the respective points. For temperatures down to 30K PT100, sensors were specifically calibrated, for lower temperatures CERNOX sensors are used. The distribution of the instrumentation for the validations test of the CSS is shown in Figure 5 [7]. Special care was taken to thermalise the sensors accurately to the substrate to provide for precision measurements of the temperatures. Therefore thermalisation stripes are used, which are a further development of the rigid thermometers mounted in the LHC [3] . In addition a concept was elaborated to minimize heat-in leak caused by the instrumentations self-heating and wiring conduction.
The data are automatically measured and stored in a database by a CERN internal, industrial DAQ architecture, the so called 'crate' system, specifically developed for the LHC 
Results of the experiments
The performance of the CSS was characterized at different mass flows and heat loads. The isothermal cooling capacity was determined by introducing the heat power necessary to produce a saturated gaseous helium at the exit of the LHe validator 2. This approach foresees a gradual increase of the heat load applied on the 2 nd stage for a constant mass flow with the 1 st stage heat load kept constant. Figure 6 indicates that the cooling power provided by the cryocooler ̇C C is partially used by the CSS to compensate the static heat loads and thermodynamic process ̇C SS , diminishing the supplied cooling power to the client ̇C lient . To quantify the performance of the CSS, the efficiency for each helium supply line, non-isothermal GHe and isothermal LHe, is defined as the ratio of the supplied cooling power ̇C lient to the cryocooler cooling power ̇C C .
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The supplied cooling power ̇C lient corresponds to the heat loads applied to the validators. The cooling power of the cryocooler ̇C C can be determined by knowing the temperature of both stages. The mapping of this temperature -power dependency was done previously in a dedicated stand-alone characterization test. It is worth mentioning that the cryocooler stages are at a slightly lower temperature than the corresponding helium stream, due to the temperature difference required for the heat extraction. At the designed operation point the CSS is able to supply a cooling power of 1.4 W at 4.5 K and 25 W at 40 K, which correspond to an efficiency of CSS 1 =77% and CSS 2 = 61%, respectively. We further compare the available cooling capacities to the thermal budget of the client system. As can be seen it exceeds the requirements at approximately 50% at 4.5 K (Figure 8) . 
Conclusions
CERN has constructed a small scale refrigeration system of novel design with a two-stage commercial cryocooler of GM type as the cold source. To the cryocooler a second independent circuit is added which extracts the cooling power with forced flow heat exchangers. An ambient temperature pump circulator provides the forced helium flow. The device permits remote cooling of equipment over a distance of several meters. At baseline, both 4.5 K and 40 K temperature level can be provided, a functionality which makes the system comparable to a standard refrigerator, however, at much smaller scale and cooling power. This Cryogenic Supply System (CSS) was conceived for the cooling of a SC cyclotron magnet at the CIEMAT premises in Spain. To validate the remote cooling principle of the cyclotron, at CERN we introduced a validation unit representing the magnet cryostat thermo-hydraulic circuits. With electrical heaters the remote cooling capacity can be simulated. The maximum capacities reached are 1.4 W @ 4.5 K for the two-phase flow and, 25 W @ 40 K. The principle of the new type of refrigerator CSS has been fully validated and is ready for implementation for its final use to remotely cool the cyclotron magnet. 
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